Key Points {#FPar1}
==========

Some differences in hospitalizations and mortality rates were found after generic substitution.This safety signal must be further studied using other cohorts and settings.

Introduction {#Sec1}
============

Substitution from brand-name to generic drugs is known to decrease pharmaceutical expenditures \[[@CR1]\]. Direct cost savings from generic substitution are beneficial for both health care systems and payers. Apart from identical strength of the active ingredient, galenic form, route of administration, and indication, the bioavailability of generic versus brand-name drugs is similar. Briefly, in many countries such as Canada, a maximal 20% relative difference is allowed between a given oral generic drug and its corresponding brand-name (such as angiotensin II receptor blockers \[ARBs\]) to be judged bioequivalent by health authorities. The manufacturer does not need to demonstrate that its generic is bioequivalent to other generics on the market, nor does it need to demonstrate therapeutic equivalence with the corresponding brand-name; therapeutic equivalence is simply extrapolated from the brand-name clinical trial results \[[@CR2]--[@CR4]\].

The clinical impact of switching from brand-name to generics in 'real-life' conditions remains unknown. Indeed, several studies have been reporting an association between hospital visits and generic drug use \[[@CR5]--[@CR9]\]. Furthermore, the recent contaminated generic 'sartans' scandal affected millions of patients worldwide \[[@CR10]--[@CR12]\]. The equivalence and safety of brand-name to generic substitution may constitute a public health issue.

In this retrospective cohort study, we aimed to characterize the impact of generic ARB substitution on the occurrence of the following outcomes: emergency room \[ER\] consultations, hospitalizations, or all-cause mortality in an elderly population. As generic and brand-name drugs are considered bioequivalent, we hypothesized that we should not find any difference in time-to-event between patients who continued taking the brand-name drug versus those exposed to generic substitution.

Methods {#Sec2}
=======

Data Source {#Sec3}
-----------

Data were extracted from the Quebec Integrated Chronic Disease Surveillance System (QICDSS) \[[@CR13]\], including five medico-administrative files held by the public health insurance board in the province of Quebec (Canada) and the health ministry. Four of these files were used: (1) the health insurance registry; (2) hospitalizations; (3) medical services; and (4) pharmaceutical services. The latter included about 90% of citizens ≥ 65 years of age \[[@CR13]\]. Data were linked by a unique anonymized identification number. This study was part of the continuous chronic disease surveillance mandate granted to the National Public Health Institute of Quebec (*Institut national de santé publique du Québec;* INSPQ) by the provincial Minister of Health and Social Services \[[@CR14]\]. All surveillance activities of this mandate are approved by the provincial Ethics Committee of Public Health. No informed consent was required.

Study Design and Inclusion Criteria {#Sec4}
-----------------------------------

This was a population-based, observational, retrospective cohort study \[[@CR15]\]. Three cohorts were constituted of brand-name losartan, valsartan, or candesartan users once a respective brand-name's patent expired and their respective generics were first reimbursed in the province of Quebec \[[@CR6]\]. As each brand-name ARB went generic at different time points \[[@CR6]\], the respective exposure period of each cohort differs. Inclusion criteria were (1) age ≥ 66 years; (2) ≥ 30-day use of the studied brand-name ARB prior to cohort entry; and (3) ≥ 15 days on the same dose of the brand-name drug immediately before the cohort entry (justification in the Electronic Supplementary Material \[ESM\]).

Drug Selection {#Sec5}
--------------

All dosages of the three ARBs that were indicated to treat hypertension \[[@CR16]\] and heart failure \[[@CR17]\] and that lost their patent in 2010--2011 (losartan, valsartan, or candesartan) were selected and identified by their respective drug identification number (DIN) \[[@CR6]\]. From 15 March 2012, there were eight generics of losartan on the market, but only three for valsartan (20 April 2011) and candesartan (6 July 2011) \[[@CR6]\]. Pseudogenerics (also named 'ultra-generics') were excluded as they were waived from the comparative bioavailability studies (*n *=2 manufacturers of valsartan) \[[@CR18]\]. In the pharmaceutical database, the start date and duration of each brand-name or generic drug claimed allowed for individual exposure and switch date to be precisely obtained. The exact generic drug start date for exposure group classification was corrected by a validated methodology (continuous multiple interval measure of oversupply) \[[@CR6], [@CR19]\].

Exposure to Generic Substitution {#Sec6}
--------------------------------

Exposure was defined by switching from the brand-name drug to a corresponding generic version within 1 year after the first generic version had been marketed (Fig. [1](#Fig1){ref-type="fig"}). Patients who continued taking the brand-name drug within 1 year of reimbursement of the generics were considered unexposed.Fig. 1Construction of the cohorts using substitution time-distribution matching. *ARBs* angiotensin II receptor blockers

Cohort Entry (Index Date) {#Sec7}
-------------------------

Switching from a brand-name to a generic drug (namely 'generic substitution') determined the date of cohort entry for exposed patients (Fig. [1](#Fig1){ref-type="fig"}). Patients who did not switch (unexposed, continued taking the brand-name drug), cohort entry was attributed by time-distribution matching (named 'substitution time-distribution matching' in this study; see the ESM) \[[@CR20]\].

Outcomes {#Sec8}
--------

In separate models, we analyzed the times from cohort entry to predefined outcomes up to 1 year of follow-up: (1) ER consultation; (2) hospitalization; or (3) death of all-cause, in line with signal detection principles in pharmacovigilance and the public health surveillance mandate of the INSPQ.

Censoring Criteria {#Sec9}
------------------

As we needed to associate a possible outcome with an active exposure, we censored the follow-up for (1) non-persistence to the study drug (a maximal grace period ≤ 7 days was allowed between two claims); (2) switching back to the brand-name drug (due to possible unmeasurable confounders in such a context); or (3) end of follow-up. For non-fatal outcomes, we additionally censored at death.

Statistical Analyses {#Sec10}
--------------------

Descriptive analyses were performed on the available covariables traditionally studied in public health surveillance and known as potential confounders in pharmacoepidemiology (age at cohort entry, sex, comorbidities within 1 year of cohort entry, concomitant drugs within 1 year of cohort entry, a geographical proxy of socioeconomic status \[the material and social deprivation index at cohort entry\] \[[@CR21]\], duration of the brand-name drug utilization before generic substitution \[cohort entry\], ER consultations or hospitalizations within 60-days prior to cohort entry, region of residence, and the prescriber's speciality at cohort entry), as well as outcomes for each cohort, to obtain proportions, means, standard deviations, or median and interquartile (IQR) ranges, where appropriate. Chi-squared tests, independent *t* tests, or Wilcoxon rank-sum tests were performed to assess the univariate statistical significance of differences between groups \[[@CR22]\].

Multivariable models were adjusted for potential confounders, as previously listed. An exploratory 60-day endpoint compared the risk of outcomes (defined as a binary outcome: yes/no) up to 60 days after generic substitution by multivariable logistic regression models (providing adjusted odds ratio \[OR\] and 95% confidence interval \[CI\]) \[[@CR22]\]. Multivariable Cox proportional hazards regression models (providing adjusted hazard ratios \[HR\] and 95% CIs) were used to compare time-to-event up to 1 year for those exposed versus unexposed to generic substitution. For apparent validity, both types of models were adjusted for all covariables. Validity of assumptions were verified (see ESM). Many other sensitivity analyses were conducted and all are described in the ESM. The significance level was set at *p* \< 0.05. All analyses were performed using SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA).

Results {#Sec11}
=======

A flowchart of the study patient selection process is presented in Fig. [2](#Fig2){ref-type="fig"}. A total of 58,868 patients were included in the study. In the cohort of losartan users, 14,673 patients were exposed to generic substitution and 1110 patients continued taking the brand-name drug (with the cohort entry date matched by substitution time-distribution). For valsartan, 3353 patients were exposed to generic substitution and 13,554 continued taking the brand-name drug, and for candesartan, 13,648 patients were exposed to generic substitution and 12,530 patients continued taking the brand-name drug. Pharmacokinetics features (bioavailability) and proportions of each ARB used by the study population are shown in Electronic Supplementary Table 1.Fig. 2Flowchart of elderly citizens included in the losartan, valsartan, and candesartan cohorts

Patient Characteristics {#Sec12}
-----------------------

Baseline characteristics of the losartan, valsartan, and candesartan cohorts are presented in Table [1](#Tab1){ref-type="table"}. Depending on the cohort, mean age at cohort entry was 76--78 years, 59--66% were female, 90--92% had hypertension, and 13--15% had heart failure. Patients had three comorbidities and were using 10--11 concomitant drugs on average. Age, sex, prescriber's speciality, occurrence of outcomes ≤ 60 days prior to cohort entry, number of comorbidities, number of concomitant drugs, socioeconomic status, region of residence, and previous experience with the brand-name drug prior to cohort entry varied between those exposed and unexposed to generic substitution, even though some differences could be interpreted as minimal.Table 1Baseline characteristics of the cohort participantsLosartan \[*n* = 15,783\]Valsartan \[*n* = 16,907\]Candesartan \[*n* = 26,178\]Switched to generics \[*n* = 14,673\]Brand-name \[*n* = 1110\]Switched to generics \[*n* = 3353\]Brand-name \[*n* = 13,554\]Switched to generics \[*n* = 13,648\]Brand-name \[*n* = 12,530\]Characteristics Age at exposure, years77.6 ± 7.5\*\*76.9 ± 7.376.8 ± 7.3^‡^76.2 ± 6.976.6 ± 7.2^‡^76.2 ± 7.0 Females (%)66.064.058.7\*\*61.261.861.8 ARB prescriber (cardiologist)18.2\*\*21.515.9^‡^19.017.2^‡^20.3 Occurrence of outcomes ≤ 60 days prior to cohort entry8.3\*10.19.5\*\*8.08.58.0Comorbidities Number3.2 ± 1.93.1 ± 1.83.2 ± 2.0^‡^3.0 ± 1.83.1 ± 1.9\*3.0 ± 1.8 ≥ 5 comorbidities22.120.322.4^‡^19.020.4^†^18.7 Cardiovascular disease severity (severe)10.28.712.7^†^10.510.310.2 Hypertension90.891.091.090.091.791.8 Ischemic heart disease40.740.240.239.139.038.8 Heart failure13.713.015.2^†^12.713.212.8 Stroke (including TIA)11.4\*9.311.0\*9.611.3\*\*10.1 Diabetes34.6^†^29.433.2\*31.030.531.3 Cardiac arrhythmia11.410.512.9\*\*10.911.5\*10.6 Chronic renal failure8.78.29.9^‡^7.19.3^†^8.1 Heart valve disease5.84.66.15.55.75.7 Hepatic diseases3.12.63.22.93.2\*2.7 Asthma13.014.112.012.811.6\*\*12.8 COPD20.7\*23.424.322.922.8\*21.8 Tumor with metastases9.710.09.69.39.19.2 Osteoporosis28.330.623.8^†^27.025.425.1 Alzheimer's disease6.4\*\*4.06.7^‡^3.95.7^‡^3.6 Mental diseases14.314.316.0\*\*14.214.413.9Concomitant drugs Number10.5 ± 5.9\*\*9.9 ± 5.810.1 ± 6.0\*9.8 ± 5.79.8 ± 5.89.8 ± 5.7 ≥ 10 nonproprietary name drugs up to 12 months prior to cohort entry43.4^†^38.039.839.138.439.0 Lipid-lowering agents65.2^†^59.964.764.665.766.1 Diuretics43.240.238.1^†^35.039.8^‡^42.3 Calcium channel blockers43.0\*39.841.7\*39.440.840.8 β-blockers38.738.737.437.638.138.6 Antiarrhythmics2.12.12.62.22.22.3 Antithrombotics20.919.323.1^‡^19.620.7\*19.6Socioeconomic status (social and material deprivation index) 1 (least deprived)14.0^‡^21.511.4^‡^16.313.1^‡^16.1 5 (most deprived)22.5^‡^19.123.2^‡^22.323.4^‡^21.7Region of residence Urban (Montreal: \> 1.5 million inhabitants)48.5^‡^62.129.5^‡^53.741.5^‡^51.3 Urban (100,000--1.5 million inhabitants)20.1^‡^15.020.4^‡^16.320.5^‡^18.6 Semi-urban (10,000--99,999 inhabitants)10.6^‡^9.318.0^‡^12.815.4^‡^12.7 Rural (\< 10,000 inhabitants)20.8^‡^13.632.2^‡^17.322.6^‡^17.5Experience with the brand-name drug prior to cohort entry ≥ 3 years66.2^‡^80.749.2^‡^71.860.4^‡^73.9 Number of consecutive days using the brand-name drug prior to cohort entry57.4 ± 18.2\*55.7 ± 22.755.4 ± 14.3^‡^52.6 ± 18.054.8 ± 14.6^‡^51.5 ± 15.0Data are expressed as proportions or means ± standard deviations*ARB* angiotensin II receptor blocker, *TIA* transient ischemic attack, *COPD* chronic obstructive pulmonary diseaseStatistical significance of the difference between switched to generic (exposed) versus brand-name users assessed using the Chi square test or independent *t* test\**p* \< 0.05, \*\**p* \< 0.01, ^†^*p* \< 0.001, ^‡^*p* \< 0.0001

Follow-Up Times and Validity of Cox Proportional Hazards Models {#Sec13}
---------------------------------------------------------------

Due to the high likelihood of informative censoring and the violation of Cox proportional hazards model assumptions in the losartan cohort, no more analysis or interpretation of outcomes between groups was therefore considered for this drug (more details reported in the ESM).

Emergency Room Consultations {#Sec14}
----------------------------

The crude proportion of ER consultations up to 1 year was higher for those exposed to generic valsartan and candesartan substitution (*p *\<0.05 for valsartan only) (Table [2](#Tab2){ref-type="table"}). After adjustment for potential confounders, the time to ER consultation up to 1 year was similar between groups for both drugs (Fig. [3](#Fig3){ref-type="fig"}). Furthermore, no difference was found between groups at the 60-day endpoint (valsartan, adjusted OR 1.08 \[0.94--1.23\]; candesartan 1.06 \[0.97--1.16\]) (Electronic Supplementary Fig. 1).Table 2Outcome characteristics during follow-up for switched to generic or brand-name usersOutcomes\
Follow-up time characteristicsLosartan \[*n* = 15,783\]Valsartan \[*n* = 16,907\]Candesartan \[*n* = 26,178\]Switched to generics \[*n* = 14,673\]Brand-name \[*n* = 1110\]Switched to generics \[*n* = 3353\]Brand-name \[*n* = 13,554\]Switched to generics \[*n* = 13,648\]Brand-name \[*n* = 12,530\]ER consultation (%)33.2^†^27.732.8^‡^27.826.825.9Follow-up time prior to ER consultation or censoring312 (260)^‡^207 (329)256 (275)^†^296 (270)199 (305)^†^212 (300)Hospitalization (%)14.413.215.6^‡^11.011.411.1Follow-up time prior to hospitalization or censoring365 (179)^‡^334 (321)365 (239)365 (208)266 (275)\*264 (254)Death (%)0.60.90.50.60.3\*0.4Follow-up time prior to death or censoring365 (125)^‡^365 (317)365 (195)365 (175)278 (271)280 (234)Incomplete 365-day follow-up time prior to censoring or any outcome (%)35.6^‡^49.443.043.363.564.3Drug adjustments: ≥ 10 nonproprietary name drugs after cohort entry (%)44.6^‡^37.344.6^‡^39.043.5^‡^39.5Data are expressed as proportions or median (IQR)Statistical significance of the difference between switched to generic (exposed) versus brand-name users assessed using the Chi square test or Wilcoxon rank-sum test*ER* emergency room, *IQR* interquartile range\**p* \< 0.05, \*\**p* \< 0.01, ^†^*p* \< 0.001, ^‡^*p* \< 0.0001Fig. 3Relative adjusted hazards of outcomes up to 1 year following generic substitution

Hospitalizations {#Sec15}
----------------

The crude proportion of hospitalizations up to 1 year was higher for those exposed to generic valsartan substitution only (Table [2](#Tab2){ref-type="table"}). After adjustment for potential confounders, the time to hospitalization up to 1 year was shorter for those exposed to generic valsartan (HR 1.26 \[1.14--1.39\]), and similar for generic candesartan (Fig. [3](#Fig3){ref-type="fig"}). No difference in the risk of hospitalization was found between groups at the 60-day endpoint (valsartan, adjusted OR 1.16 \[0.93--1.44\]; candesartan, 1.02 \[0.88--1.18\]) (Electronic Supplementary Fig. 1).

Mortality {#Sec16}
---------

The crude proportion of death up to 1 year was 0.1% lower for those exposed to generic candesartan and valsartan substitution (*p *\<0.05 for candesartan only) (Table [2](#Tab2){ref-type="table"}). After adjustment for potential confounders, the time to death up to 1 year remained similar between groups for valsartan (Fig. [3](#Fig3){ref-type="fig"}). For candesartan, survival was better for those exposed versus unexposed to generic substitution (HR 0.57 \[0.37--0.88\]). No differences in the risk of death were found between groups at the 60-day endpoint (valsartan, adjusted OR 0.86 \[0.34--2.20\]; candesartan, 0.73 \[0.35--1.50\]) (Electronic Supplementary Fig. 1).

Sensitivity Analyses: Cohort Construction and Follow-Up {#Sec17}
-------------------------------------------------------

First, HRs at 1 year were reanalysed in each cohort, allowing ARB users to be 'non-persistent' (\> 7 days between two claims) during the follow-up period, yielding similar results (data not shown). Second, we attributed a brand-name well-defined point in time for cohort entry rather than using substitution time-distribution matching. The results systematically conferred a clear advantage to patients switched to generics, who had fewer hospitalizations or ER consultations (a well-known immortal time bias \[[@CR20]\], data not shown). Third, the impact of the 30-day use period criteria prior to cohort entry was compared with a longer period (60 days), which yielded similar results (data not shown). Finally, restricting the cohorts to only new persistent users (who used the studied brand-name for ≤ 60 days prior to cohort entry) revealed similar results (data not shown), reassuring that depletion of susceptible users would not confound the comparisons between groups.

Discussion {#Sec18}
==========

Major Findings {#Sec19}
--------------

In this retrospective cohort study including 58,868 ARB users, we observed some differences in time-to-event between patients exposed to generic substitution versus those who continued taking the brand-name drug. Results suggest a higher risk of hospitalization following the switch to generic valsartan, but a lower risk of death following the switch to generic candesartan. To our knowledge, this is the first populational study assessing the safety of generic substitution per se by using a validated time-distribution matching method.

Possible Explanations for Different Outcomes {#Sec20}
--------------------------------------------

Higher unadjusted proportions of ER consultations and hospitalization for those switched to generic ARBs are quite coherent with what has been previously found in a time-series analysis of the same drugs (*n *=136,177) \[[@CR6]\], as well as other time-series analyses of warfarin (*n *=280,158) \[[@CR9]\] and clopidogrel (*n *=89,525) \[[@CR5]\]. Once adjusted, and time-to-event taken into account, differences in outcomes persisted only for patients switched to generic valsartan (higher risk of hospitalizations following substitution). Even though they remain to be further studied and understood, these differences in outcomes could be explained by differences in bioavailability between generics and the brand-name valsartan (Electronic Supplementary Table 1) \[[@CR23], [@CR24]\]. Switching to a generic drug that is more or less bioavailable could potentially induce acute or delayed adverse drug reactions (i.e. dizziness, diarrhea, headache, coughing, hypotension, syncope, renal insufficiency, and hypokalemia if the generic version is more bioavailable than the brand-name drug) \[[@CR2]--[@CR4]\] and require physician assessment, while switching to a generic that is less bioavailable could lead to a lack of efficacy (i.e. hypertension, congestive heart failure, depending on the severity of the case), uncontrolled disease, and also require physician assessment. Unfortunately, it was not possible to accurately assess such specific outcomes with validated coding and sufficient statistical power using our dataset and study design. Unlike many versions of generic valsartan commercialized worldwide since 2012 \[[@CR10]--[@CR12]\] generics of valsartan used by our cohort have never been reported as contaminated by *N*-nitrosodimethylamine or *N*-nitrosodiethylamine, known as probable human carcinogens.

Of note, even though there is only a 0.1% difference in the proportion of mortality between patients switched to generic candesartan versus those who continued taking the brand-name drug, the relative risk of mortality (considering time to event) was lower following the switch to generic candesartan (HR 0.57 \[0.37--0.88\]). This could theoretically be plausible as (1) all generics of candesartan were more bioavailable compared with the brand-name drug (electronic Supplementary Table 1); and (2) candesartan is known to reduce the risk of death \[[@CR23], [@CR24]\]. With this hypothesis, patients may have benefit from switching to a more bioavailable generic candesartan (for survival). However, those results must be validated using a different study design, as residual immortal time bias, as well as residual confounders, cannot be dismissed totally \[[@CR25]\]. Finally, mortality was 0.3% lower for patients exposed to generic losartan compared with the brand-name drug, but, as previously mentioned, this difference may not be valid due to the presence of an informative censoring bias for this drug only. Unfortunately, it is not possible to interpret the differences in outcomes for losartan users.

Other Possible Explanations {#Sec21}
---------------------------

Apart from slight pharmacodynamic differences between generic and brand-name ARBs, our results may be hypothetically explained by (1) fewer generic pill polymorphisms (more recently manufactured generics being superior, i.e. less moisture in the pill, better disintegration time, etc., versus formerly manufactured brand-name drugs); \[[@CR26]\] and (2) generics' active ingredient polymorphisms showing better or lower affinity to angiotensin II receptors (which was not assessed prior to being licensed and has already been found to be different) \[[@CR10], [@CR11], [@CR27]\]. Those patients who switched may have had mild symptoms that were managed out of hospital (therefore not captured in our data), resulting in drug adjustments (Table [2](#Tab2){ref-type="table"}) and, maybe, lower mortality. Those differences (bioavailability, polymorphisms) could explain, at least in part, discrepancies in the results between valsartan and candesartan. There are a lot of unknowns, leading to more questions, and options for more academic research.

Our results contrast with two large systematic reviews and meta-analyses, concluding there are similarities in outcomes between brand-name and generic drugs in cardiology \[[@CR28], [@CR29]\]. However, even though well-conducted, these meta-analyses may have underestimated the true effect by including comparative bioavailability studies (≥ 50%), not designed or powered to detect a difference in efficacy or safety \[[@CR18]\]. Other cohort studies that found similar rates of death in the population exposed to generic versus brand-name statins \[[@CR30]\], or clopidogrel \[[@CR31]\], used head-to-head comparison groups without assessing the effect of the substitution per se. The latter study avoided this period when the study population switched to generics very quickly, which is very tricky to study considering the dynamics of the switches once generics became available \[[@CR6]\]. A study design such as ours, accounting for substitution time-distribution between those exposed and unexposed to generics, was never used in those studies.

Half the population using losartan converted to generics within 2 months of availability for publicly insured patients in the province of Quebec, but it took 1 year for valsartan and candesartan \[[@CR6]\]. This explains the highest proportion of those exposed to generic losartan in our study. Higher rates of generic losartan switching could explain the discrepancy between follow-up times and possible informative censoring for this drug only. For valsartan and candesartan, the slower rate of switching to generics may explain the statistical stability and validity of Cox proportional hazards models, therefore reassuring the validity of the hazard ratios. Furthermore, among all three drugs, losartan is the only drug that had confirmed drug safety reactions associated with generic substitution, in the MedEffect Database (Health Canada surveillance system) \[[@CR32]\]. Finally, the disproportionality of patients switched to generics of valsartan (Fig. [2](#Fig2){ref-type="fig"}) is explained by our method. As previously justified, patients who switched to pseudogenerics (*n *=15,758) were excluded as those generics were identical to the brand-name drug \[[@CR18]\].

Strengths and Limitations {#Sec22}
-------------------------

Even in cases of unbalanced exposure groups, our retrospective cohort study included patients (1) with similar survival patterns at baseline, and (2) who reached a proxy of brand-name steady-state prior to cohort entry, to assess the bioequivalence hypothesis as accurately as possible. Furthermore, the follow-up of each patient was censored if the drug was not renewed (claimed), to maximize our ability to associate the exposure with the outcomes of interest. Our study design respected the natural temporal sequence between exposure and outcome. In addition, unlike others \[[@CR33]\], we were able to include all the Quebec elderly population, publicly covered and using selected ARBs and their respective generics, maximizing external validity and statistical power, to detect acute or delayed adverse events \[[@CR34]\]. The main limitation of this public health surveillance study is the use of nonspecific outcomes. It is sufficient to detect a potential drug safety signal but insufficient to assess causality \[[@CR35]\]. Among other limitations, the substitution time-distribution matching method may not have fully addressed the possible immortal time bias \[[@CR25]\]. Considering the complexity and rapidity of the switch in the population, a time-series analysis may be as appropriate as such a retrospective cohort study \[[@CR5], [@CR6], [@CR9]\]. Moreover, defining exposure as a binary time-varying covariate is often recommended for survival analyses \[[@CR20]\]. Along with intent-to-treat and non-inferiority analysis, this method was fully thought through and finally dismissed as it would not have provided an answer to the study question (aiming to assess outcomes following generic substitution per se and not outcomes while taking the brand-name drug versus the generic). Another limitation relates to drug claims that do not ascertain drug ingestion; \[[@CR36]\] the impact of concomitant pharmacological changes or access to a primary care network were not considered but could be associated with outcomes \[[@CR37]\]. Even though hospitalizations, medical services, and pharmaceutical claims databases are considered highly reliable \[[@CR36], [@CR38], [@CR39]\], errors are possible and may have led to some misclassification. Death rate is low, reducing the possibility of competitive risk of death, but perhaps also affecting the ability to draw firm conclusions on relative differences between groups. Bias by indication (whether or not patients would be switched to generics by the community pharmacist) cannot be fully excluded but most confounders are controlled in regression models. Several potential confounding variables were not available in our QICDSS (e.g. cardiovascular risk factors, physicians' and patients' beliefs, etc.), which could modulate data analysis and interpretation in different settings. Finally, our study only assessed the impact of switching from the brand-name drug to the bioequivalent generic. The impact of switching between generics may be greater as they are not required to be proven bioequivalent between each other (Electronic Supplementary Table 1) \[[@CR2]--[@CR4]\].

Implications {#Sec23}
------------

Despite all its challenges, a population-wide switch to generics is an interesting and important field to study. Clinical uncertainty regarding the safety of a generic substitution in cardiology remains. There is still work to be done with pharmaceutical policies to delineate the independent impact of switching to a bioequivalent, but not identical, generic drug, especially if it is suspected to affect mortality rates.

Conclusions {#Sec24}
===========

In this retrospective cohort study, we found an increased risk of hospitalizations for patients switched to generic valsartan and a decreased risk of death for patients switched to generic candesartan, compared with those who continued taking the brand-name drug. Is brand-name to generic substitution safe? Uncertainty remains due to insufficient evidence. This signal should therefore be considered as exploratory. It merits in-depth clinical investigation as unmeasured/unavailable factors could partly explain these findings. Nevertheless, differences between generic and brand-name drugs may lead to some differences in public health outcomes, and this safety signal must be further studied using other cohorts and settings.

Electronic supplementary material
=================================

 {#Sec25}

Below is the link to the electronic supplementary material.Supplementary material 1 (DOCX 66 kb)
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